Background: When performing minimally invasive spine surgery in trauma patients, a short operation time and a perfect positioning of pedicle screws are demanded. In this study, we show that a Minimally Invasive Pedicle Screw System allows both. Methods: One hundred and twenty-one patients (131 fractures) with fractures between Th 3 and L 5 were treated. The most common fracture type was A3. We treated 52 females and 69 men with a mean age of 56.7 years. In 72% of the cases, the procedure was performed by two experienced spine surgeons. Postoperatively, all patients were examined using a CT-scan. In 61 patients, an anterior stabilization was additionally performed in 33 patients, vertebroplasty or cyphoplasty was performed. Fifteen patients underwent laminectomy. Results: No patient postoperatively developed any additional neurological compromise. In total, 682 screws were placed. In the postoperative CT-scan, we found 16 screws (2.2%) in suboptimal position, 8 with medial and 8 with lateral deviation. Discussion: With the Minimally Invasive Pedicle Screw System used in this study, spinal fractures can be treated in a short operation time with percutaneous stabilization and a correct positioning of the pedicle screws in almost 98%. In our study, no screw was so much malpositioned that revision surgery would have been necessary. Level of evidence: Level III -Case-control study.
Background
Access morbidity has been demonstrably reduced since the introduction of implants for ventral fusion and new minimal invasive surgical techniques in spine surgery with the aid of video-assisted endoscopic approaches and mini-open-techniques in lumbar spine fractures [1, 2] . The advantages of dorsal percutaneous pedicle screw insertion for the patient are the chances of early mobilization and reduction of postoperative pain (Fig. 1) . Despite the reduced access, morbidity in ventral approaches remains a dorsal muscle injury after dorso-ventral instrumentation of spine instabilities due to the need to remove the multifidus muscle during screw placement. The postoperative function of the multifidus muscle is determined by time of use of a retraction system during surgery [3, 4] . A proven method to quantitatively determine the extent of muscle injury is measuring the creatine kinase level [5] . In 2008, Lehmann et al. showed a significantly lower release of creatine kinase after percutaneous screw insertion compared to open insertion in a sheep model [6] . Even in electrophysiological studies, the damage to the long back muscles and the autochtone back muscles using the open approach compared to the minimal invasive approach is evident [7] . Dependent on the surgeon's experience, blood losses of 500 to 1200 mL are common when the open approach is used [7] . In major orthopaedic spine surgery, blood loss of more than 2000 mL is possible which is a risk factor for infection [8, 9] . The blood loss can be considerably reduced if minimal invasive techniques are used [10] . Dependent on the surgeon's experience in closed fracture reduction, the percutaneous minimal invasive procedure ranges from injuries type A3/AO through B to C1/AO but can have limitations. Luxation injuries and long-distance rotational injuries are difficult to repose in the closed technique and may require open reduction and screw insertion.
The reconstruction of the physiological sagittal spine profile remains one of the goals in treatment of traumatic vertebral fractures. This must not be abandoned in view of the advantages of the minimal invasive technique [11] . The array of indications for percutaneous thoraco-lumbal instrumentation could be widened if a sufficiently active reduction maneuver can be performed when positioning the patient on the operation table, which is contrary to what Blattert et al. state [12] . In osteoporotic fractures, attention must be paid to reduction maneuvers as mentioned above. A reposition with bended rods could lead to screw dislocation while fixing the setscrew. In highly unstable injuries, the primary stability and an early functional aftercare should be the primary treatment objective. We hypothesize that a percutaneous minimal invasive dorsal stabilization system allows short operating times with correct screw positioning.
Methods
In 121 consecutive patients with 131 fractures of a thoracic and/or lumbar vertebra, we performed a dorsal stabilization with the Minimally Invasive Polyaxial Pedicle Screw System VIPER ® 2 (De Puy, Warsaw, IL) between May 2009 and March 2011 at BG Trauma Centre Ludwigshafen, Germany (Figs. 2 and 3) .
The most common fracture type was A3 (A3.1: 23×, A3.2: 29×, A3.3: 32×) but also type B (B1: 5×, B2: 7×, B3: 1×) and one type C2. We treated 121 patients (52 women/43% and 69 men/57%) with 131 fractures and the mean age at time of operation was 56.7 years (range 10 to 88). In 72% of cases (88 patients), the procedure was performed by two experienced spine surgeons. Experienced trauma surgeons performed all other cases. The surgery was performed in the prone position and general anaesthesia and the patient's positioning were realized by the surgeon. Intraoperatively, fluoroscopy was used for screw positioning. Additional blood was only used for patients with multiple injuries who underwent spine surgery and another major orthopaedic trauma surgery at the same time. Patients who received single stabilization of the spine did not receive any blood products. After the surgery, the neurological state of the patient was evaluated immediately by the surgeon and on the following day, all patients were examined using a CT-scan with 1 mm layer and the screw positions were checked and evaluated. A malposition was defined as a screw not exactly in or perforating the pedicle by more than 2 mm according to Gertzbein [13] . 
Results
A total of 682 screws were placed in 121 patients. In 33 patients, vertebroplasty was also performed and 61 patients required ventral stabilization which was performed during the same operation in 15 patients and within one week after the first procedure for the other patients (51 × cages, 10 × locking plates with iliac crest bone graft). Fifteen patients required laminectomy. The procedures were performed by 11 experienced trauma surgeons but 71.9% of cases (88 patients) were performed by two experienced spine surgeons. No significant difference in operation duration was found between the surgeons (P > 0.05). No additional nerve injury occurred after surgery; one in five patients showed complete remission of neurological disability after the procedure despite immediate laminectomy after the percutaneous procedure in all patients with neurological disability. In the CT-scan, 16 screws (2.2%) were malpositioned, 8 medially and 8 laterally but no screw perforated the pedicle by more than 5 mm. (Fig. 4) 
Discussion
In this study, percutaneous minimal invasive dorsal instrumentation offers correct screw positioning with short operation and radiation times, which was our hypothesis. This procedure is appropriate for dorsal instrumentation without the need of dorsal fusion. The combination with decompression and laminectomy is possible in any vertebral height. In view of the minimal soft tissue trauma and the minimal blood loss compared to the open technique, it can be recommended for every patient with an urgent indication for surgical spinal stabilization [14] . Dependent of the used implant, multi-segmental percutaneous dorsal instrumentations may not necessarily require long operation times. The disadvantage of this technique is the surgeon's and operating theatre's staff's learning curve but with increasing experience, the array of indications increases from simple type A fractures to distraction-rotation-injuries. A limitation of the technique is the luxation injury and some highly unstable rotational injuries. Beck et al. mentioned the advantage and the exact evaluation of the screw position using intraoperative 3D-visualization [15] . In our study, the rate of malpositioned screws is comparable to those using a navigation system in the literature [16] [17] [18] . Perforation of the pedicle is possible because of the individual pedicle thickness, which can be smaller than the screw diameter. Some studies show an advantage with screw positioning using robotic techniques because of reduced malpositioning and with that a reduced radiation time and shorter operation time [19, 20] . Anand et al. reported an intraoperative blood loss of 260 mL in a series of minimal invasive percutaneous multilevel corrections in degenerative lumbar scoliosis compared to up to 3000 mL using the open technique [21, 22] . Blood loss is determined by the technique and comorbidities like septic diseases in spondylodiscitis, patients with malignant diseases or patients with multiple injuries. These patients benefit from a percutaneous minimal invasive procedure regarding the estimated blood loss, if a dorsal instrumentation is required. In this study, the mean operation time for percutaneous bi-segmental dorsal minimal invasive stabilization by an experienced surgeon was 36 minutes with a mean radiation time of 103 seconds. Using other implants with comparable operation times, mean radiation times can exceed 200 seconds [23, 24] .
Conclusion
With this study, the accuracy of percutaneous pedicle screw placement in minimal invasive spine trauma surgery was evident. With short operation times, minimal blood loss, 97.8% of correct screw position and no revision because of malpositioning, this method was absolutely appropriate for the patients in this study. Better accuracy of pedicle screw positioning is no argument for open trauma spine surgery.
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